Expression profiling of human keratinocyte response to ultraviolet A: implications in apoptosis.
Ultraviolet A radiation from sunlight is a major human health concern, as it is not absorbed by the ozone layer and can deeply penetrate into the skin causing skin damage. To study the molecular mechanism involved in the ultraviolet A effect, human HaCaT keratinocytes were exposed to ultraviolet A at doses of 10 J per cm2 and 30 J per cm2. Ultraviolet A irradiation caused dose- and time-dependent apoptotic cell death, as evidenced by DNA fragmentation, flow cytometry, and the activation of caspase-3. To study the genes altered by ultraviolet A at an apoptosis-inducing dose (30 J per cm2), cells were harvested immediately after ultraviolet A treatment (0 h), and 6 h and 24 h after ultraviolet A exposure. Total RNA was extracted for microarray and real-time RT-PCR analysis, and cellular proteins were extracted for western blot analysis. Of the selected critical genes/proteins, the induction of c-Jun, c-myc, and p33ING1, and the repression of epidermal growth factor receptor, inhibitor of apoptosis protein, and survivin pathways, could be involved in ultraviolet-A-induced apoptosis. On the other hand, the late induction of cyclin D1 and cyclin-dependent kinase 4 was indicative of possible cell cycle recovery in surviving cells. Real-time RT-PCR analysis confirmed these results and a majority of the protein levels paralleled their corresponding RNA levels. In addition, ultraviolet A treatment altered the expression of genes involved in signal transduction, RNA processing, structural proteins, and metabolism in a time-dependent manner. This initial microarray analysis could advance our understanding of cellular responses to ultraviolet A exposure, and provide a platform from which to further study ultraviolet-A-induced apoptosis and carcinogenesis.